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The flow of a large current in the neutral conductor of a transmission system 
is one of the major problems caused by harmonic pollution. This current can 
assume excessive values and even exceed the current flowing in the phases 
which can be extremely dangerous both for the equipment and the safety of 
the personnel. Currently, the parallel or shunt active filter (SAF) or parallel 
active filter is considered as the most effective solution to mitigate harmonic 
pollution and restore a sinusoidal current waveform in electrical distribution 
networks. The SAF can be used to compensate for harmonic currents, as well 
as that of the reactive power. This paper proposes a SAF circuit based on a 
four-arm inverter topology. The designed SAF is shown to lead to better 
harmonic compensation with a reduced THD (Total Harmonic Distortion) 
level in the presence of nonlinear and unbalanced loads in the network. The 
other goal of this study is to eliminate the neutral current caused by the 
unbalance in the polluting loads connected to the distribution network, achieve 
a near-sinusoidal current waveform and protect the electric network 
equipment. 
Keywords: 





Active shunt filter 
PWM, PI regulator 
Four-arm inverter 
Unbalance 
Copyright © 2021 Institute of Advanced Engineering and Science. 
All rights reserved. 
Corresponding Author: 
Karim Belalia,  
LDDEE Laboratory 
Electrical Engineering Department, 
USTO-MB University, 
El Mnaouar ،BP 1505, Bir El Djir 31000 Oran, Algeria. 
Email: karim.belalia@univ-usto.dz 
1. INTRODUCTION
Nowadays, harmonics are a major power quality issue and affect most industries. They are mainly 
due to the widespread utilisation of non-linear loads such as electrical and electronic devices and equipment 
Harmonic pollution generate serious consequences for the electrical system which ultimately leads to 
tsignificant economic losses. While the use of static power converters has contributed significantly to 
improving the performance and reliability of power conversion systems and applications, their non-linear 
characteristics, on the other hand, are the main cause of the deterioration in the quality of electrical power. 
Since international energy regulations require consumers to comply with harmonic standards, the filtering of 
harmonic components has become today a important area of research and development both in academia and 
industry. 
The significant advances made in the field of power electronics has led to the development of new 
semiconductor devices with low-cost, fast switching ability and high-power applications [1-2]. These power 
electronic devices are widely used in variable-speed drives, controlled and uncontrolled rectifiers, 
uninterruptible power supplies (UPS), computers and power system integration of renewable energy sources. 
Power electronic devices offer a technical and economical solution for better management of electrical 
energy.  However, due to their nonlinear characteristics,  they contribute significant power quality degradation 
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causing distortion of the current and the supply voltage waveforms. A frequency analysis of these waves reveals 
the presence of harmonic components [3-6].  
However, the control of active filters remains a challenge because it is necessary to identify the 
disturbances and compensate for them in real time even under variable load conditions. The proposed four-line 
inverter topolody can neutralize the neutral current in the case of an unbalanced non-linear load. 
In the literature, several papers have addressed the issue of power quality and the attenuation of 
harmonics by the SAF [7-11]. A comparison between simulation and experimental results is presented in [7]. 
The experimental setup is a 7.5 kVA test bench based on the dSPACE Scalexio board. In the simulation work, 
the current THD is attenuated from 26.88% to 2.99% at the Point of Common Coupling (PCC), whereas, for 
the experimental work, the THD of the current is attenuated from 26.99% to 3.43%. Active filters are finding 
more and more applications in photovoltaic (PV) systems. In [8-11], a SAF is connected to a PV farm, and it 
is shown to be very effective against both harmonics and non-linear loads. In [12], the authors used active 
power filters to improve the quality and reliability of energy in petrochemical plants. However, to the best of 
our knowledge, there are none of these previous studies considered the elimination of the neutral current in the 
case of unbalanced and polluting loads. In [13], a control strategy based on backstepping and Lyapunov theory 
is applied to a two-stage four-wire SAF to regulate the voltage on the DC side is proposed. The simulation and 
experimental results are presented to illustrate the effectiveness of the proposed control scheme. Several 
advanced control methods are applied to the SAF based on a conventional inverter topology. These include 
adaptive filtering [14], fuzzy logic [15], artificial neural networks [16], genetic algorithms [17] and neuro-
fuzzy approach [18]. However, these control methods lead to increased size of the equipment and require large 
computatation hence increased runtime of the microcontrollers. 
This study focuses on the design of active filters in the case of non-linear unbalanced loads. The main 
objective of this contribution is to find a simple and efficient solution to the problems of nonlinear load 
unbalances. The paper proposed an active shunt filter based on a four-arm inverter topology. The three arms 
are controlled by a sine-delta PWM (Pulse Width Modulation) based on proportional-integral (PI) regulators. 
A new algorithm is proposed to control the fourth arm in order to eliminate the current in the neutral and ensure 
a protection of all the equipment in the system.  
The remaining of the paper is organized as follows: The first part of Section 2 is presents the SAF 
configuration based on a four-wire inverter. The second part focuses on the control of the proposed neutral 
current neutralization algorithm. The final part of Section 2 briefly introduces the instantaneous powers pq 
method. Section 3 presents the design of the PI controllers for the DC bus voltage and the filter currents. The 
simulation results in MATLAB/Simulink and discussions are presented in Section 4. This section is divided 
into two main parts: the first part is concerned with the simulation of the SAF connected to a balanced pollutant 
load whereas the second part studies the case of non-linear load unbalance. 
2. TOPOLOGY AND CONTROL OF SAF WITH NEUTRAL CURRENT NEUTRALIZATION
2.1. Four-arm SAF structure 
In this topology, an inverter consisting of four arms made up of eight reversible current switches 
(bipolar transistors, IGBT, GTO) in antiparallel with a diode is used as illustrated in Fig. 1. The polluting load 
absorbs a current made up of both a fundamental component and harmonic components. The purpose of active 
filtering is to generate harmonic currents of the same amplitude but in phase opposition with those absorbed 
by the load. Thus, the current absorbed from the network will be sinusoidal. It is therefore necessary to 
accurately identify the harmonic currents of the polluting load. In the same way for the neutral, it is necessary 
to generate a current in phase opposition with an identical amplitude. 
The purpose of the filter is to compensate for the harmonics, the reactive power, the current in the 
neutral wire and the unbalanced currents that are created by single-phase non-linear loads with three rectifiers 
as shown in Figure 1. 
{
𝑉𝑓𝑎 = (𝑆1 − 𝑆4)𝑣𝑑𝑐
𝑉𝑓𝑏 = (𝑆2 − 𝑆4)𝑣𝑑𝑐
𝑉𝑓𝑐 = (𝑆3 − 𝑆4)𝑣𝑑𝑐
  (1) 
Where 𝑣𝑓𝑎𝑏𝑐  are the voltages of the filter.
The current in the DC part is: 
𝑖𝑑𝑐 = 𝑆1𝑖𝑓𝑎 + 𝑆2𝑖𝑓𝑏 + 𝑆3𝑖𝑓𝑐 − 𝑆4𝑖𝑓𝑛  (2) 
With: 
{
𝑖𝑓  𝑆𝑖 = 1     𝑎𝑛𝑑    𝑆𝑖+4 = 0 
𝑖𝑓  𝑆𝑖 = 0     𝑎𝑛𝑑    𝑆𝑖+4 = 1
 (3) 
Where i is an integer (i = [1 2 3 4]) 
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Figure 1. Four-arm SAF for a three-phase four-wire network. 
 
2.2. Neutral current neutralization algorithm 
The four-wire SAF topology always gives better results since the four arms of the inverter are used to 
control the three-phase currents of the network as well as the current in the neutral. Note that the neutral current 
only contains components of odd orders multiple of 3 (3, 9, 15, etc.), the amplitudes of which are three times 
greater than those of the phase currents. The three-phase balanced symmetrical non-linear loads, with 
connection to the neutral, generate in this conductor, harmonic currents of order 3 and harmonic currents of 
orders multiple of 3. The RMS value of the neutral current can be greater than that of the current phase (up to 
√3 times the value of the current in a phase). To remedy the overload of the neutral conductor, the simplest 
solution is to choose a neutral conductor section equal to twice the section of a phase conductor. Unfortunately, 
this solution is expensive and does not ensure protection of the equipment. Therefore, it is proposed to integrate 
in this work a fourth arm to cancel the current in the neutral. Figure 2 illustrates the detail of the neutral current 

































Figure 2. Neutral current neutralization control diagram. 
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Table 1 shows the detailed neutral current neutralization algorithm. 
Table 1. Detailed neutral current neutralization algorithm 
Algorithm   
Start  
Neutral current measurement iN 
If iN ≠ 0 
Calculation of positive and negative sequences 
𝑰𝑵
+ = 𝒊𝑵 + 𝑮𝑵𝒊𝑵𝒓𝒆𝒇  & 𝑰𝑵
− = 𝒊𝑵 − 𝑮𝑵𝒊𝑵𝒓𝒆𝒇  













𝑺 = 𝑺+ × 𝟏 + 𝑺− × 𝟐 
















2.3. Instantaneous power pq method 
A simpler method of identifying harmonic currents consists of eliminating the DC component of the 
instantaneous active and reactive powers, which is relatively easy to achieve. 
Let 𝑣𝑔𝑎  , 𝑣𝑔𝑏  , 𝑣𝑔𝑐    and 𝑖𝐿𝑎  , 𝑖𝐿𝑏 , 𝐼𝐿𝑐   be the phase-to-neutral voltages of a three-phase network 
(connected to a polluting load) and the three load currents respectively. This theory uses the algebraic 
transformation of Concordia to convert the three-phase systems of currents and voltages presented in the Xabc 
coordinate system to a new two-phase coordinate system whose axes are in quadrature Xoαβ as follows: 
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The instantaneous real and imaginary powers denoted by 𝑝 and 𝑞 respectively are defined by the 










]                                    (6) 
 
In the general case, each of the powers 𝑝 and 𝑞 has a DC part and a relative part, which can be 
expressed as: 
{
 𝑝 = ?̅? + 𝑝   
𝑞 = ?̅? + ?̃?
                                                             (7) 
 
Where ?̅? denotes the DC power linked to the active fundamental component of the current and the 
voltage, ?̅? is the DC power linked to the reactive fundamental component of the current and the voltage, 𝑝 and 
?̃? represent the AC powers linked to the sum of the disturbing components of the current and the voltage. 
 
In this paper, these components are denote by: 𝑝𝑟𝑒𝑓 = 𝑝 + 𝑝𝑐  and 𝑞𝑟𝑒𝑓 = 𝑞, such that 𝑝𝑐 is the output of the 
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With   = 𝑣𝑔𝛼
2 + 𝑣𝑔𝛽
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It can be noticed from these equations that in the expressions of iα and iβ the zero sequence power is absent 
[20]. 
𝑖𝑓𝛼𝑟𝑒𝑓 = 𝑖̃𝐿𝛼 , 𝑖𝑓𝛽𝑟𝑒𝑓 = 𝑖̃𝐿𝛽       𝑎𝑛𝑑    𝑖𝑓𝑜𝑟𝑒𝑓 = 𝑖𝑜 
 
Where io is the zero-sequence component. 
It should be noted that the neutral current in and the zero-sequence current io are linked by the relationship 
below: 
{








                            (10) 
 
To determine the reference currents ensuring the compensation of disturbances, namely: the harmonic 
currents, the reactive power and the line current unbalance. The pq theory can be employed to calculate these 
currents according to the desired quality of compensation. Finally, it is easy to go back to the reference currents 
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Figure 3. Identification by the instantaneous power method. 
The general idea is to introduce in the forward path, upstream a proportional regulator (Kpdc), which 
serves to keep the DC bus voltage of the capacitor constant and forces the filter current to follow the reference 
current generated by the controls. The currents regulation consists of the currents control from the network 
(indirect control of the igabc network). The instantaneous power method is applicable only if the network voltage 
is perfectly sinusoidal and balanced. The first step is to bring the network voltage vgabc and the load currents 
iLabc into the Concordia reference. This transformation makes it possible to switch from a three-phase system 
to a two-phase system, which simplifies the mathematical expressions. 
 
3. DESIGN THE DC VOLTAGE AND ACTIF FILTER CURRENT REGULATORS 
3.1. DC voltage regulation 
For small and medium powers, the most suitable energy storage element is a capacitor placed on the 
DC side of the inverter. The DC voltage is not constant because it depends on the active power exchanges 
between the polluting load and the network as well as the losses in the power components, hence the need to 
maintain this voltage at a constant level. 
A simple proportional type regulator can be inserted. The output of the regulator 𝑃𝑐  is added to the 
disturbing active power 𝑝 and gives rise to an active fundamental current thus correcting 𝑉𝑑𝑐. 
The power 𝑃𝑐  represents the active power necessary to maintain the voltage 𝑉𝑑𝑐 equal to the value of 
the desired reference voltage (𝑉(𝑑𝑐𝑟𝑒𝑓)). The regulator used here is a simple proportional Kpdc regulator 




1 + 𝜏𝑐 ∙ 𝑠
                                        (12) 
By neglecting the switching losses in the inverter as well as those in the coupling inductors, the relationship 









2 )                                           (13) 
 
For small variations in the voltage 𝑉𝑑𝑐 around its reference𝑉(𝑑𝑐𝑟𝑒𝑓), equation (13) can be linearized as follows: 
 
𝑃𝑐 = 𝐶𝑑𝑐 ∙  𝑉𝑑𝑐𝑟é𝑓
𝑑
𝑑𝑡
(𝑉𝑑𝑐)                                (14) 
 




𝑉𝑑𝑐_𝑟𝑒𝑓 ∙ 𝐶𝑑𝑐 ∙ 𝑠
                                 (15) 
 
From relation (15), and taking into account the proportional regulator. The choice of parameters, 𝑘𝑐  , 𝜏𝑐  aims 




𝐶𝑑𝑐 ∙ 𝑉𝑑𝑐_𝑟𝑒𝑓 ∙ 𝜏𝑐
                                      (16) 
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𝐶𝑑𝑐 ∙ 𝑉𝑑𝑐_𝑟𝑒𝑓 
𝑘𝑐 ∙ 𝜏𝑐
                                              (17) 
 
The response is stable for all values of 𝑘𝑐, nevertheless the product (𝑘𝑐 ∙ 𝜏𝑐) is chosen to achieve a satisfactory 
damping. 
3.2. Active filter current regulation 
By neglecting the resistance of the inductance 𝐿𝑓, the equation connecting the voltage, which must be 
supplied by the inverter, in order to create harmonic currents in phase opposition to those existing on the 
network and the voltage at the connection point is defined by: 
𝑣𝑓 = 𝑣𝑔 + 𝐿𝑓
𝑑𝑖𝑓
𝑑𝑡
                                                 (18) 
The difference between the reference current and the current measured is obtained from the following relation: 
 
∆𝑖𝑓 = 𝑖𝑓_𝑟𝑒𝑓 − 𝑖𝑓                                                   (19) 




= (𝑣𝑔 + 𝐿𝑓
𝑑𝑖𝑓_𝑟𝑒𝑓
𝑑𝑡
) − 𝑣𝑓                    (20) 
The first term on the right-hand side of equation (20) can be defined as the reference voltage 𝑣𝑓_𝑟𝑒𝑓 , which 
gives the following expression: 
𝑣𝑓_𝑟𝑒𝑓 = 𝑣𝑠 + 𝐿𝑓
𝑑𝑖𝑓_𝑟𝑒𝑓
𝑑𝑡
                                      (21) 
From equations (20) and (21), the difference between  𝑣𝑓_𝑟𝑒𝑓 and 𝑣𝑓 , generates a current error. The 
voltage  𝑣𝑓_𝑟𝑒𝑓  given by relation (18) is composed of two terms at different frequencies. The first term is the 
network voltage, which is easily measured. The second term is equal to the voltage drop across the inductance 
 𝐿𝑓when a current crosses it equal to that of the reference. A current regulator must generate this term. The 
reference current is made up of harmonic currents with frequencies multiple of that of the network. To avoid 
harmonics due to interruptions in the operation of the regulator, a first order low pass filter can be added before 
this one. The control voltage becomes: 
 
𝑉𝑓(𝑠) = 𝑉𝑔(𝑠) + 𝐿𝑓𝑖𝑓𝑠                                        (22) 
 





                                        (23) 
 





                                                       (24) 
 
Where 𝑉𝑑𝑐 is the DC side voltage of the inverter and 𝑉𝑝 represents the amplitude of the triangular carrier. 
Generally, the most widely used regulator is the proportional integral (PI) regulator. Indeed, it is one of 










Figure 4. Simplified diagram of the filter current regulation. 
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4. RESULTS AND DISCUSSION  
The simulation model illustrates the method of identifying instantaneous powers for the detection of 
reference harmonic currents. It includes a proportional regulator for the regulation of the DC voltage at the 
terminals of the conductor and a PI regulator for the PWM control. The cut-off frequency of the second order 
low pass extraction filter is 50 Hz. In addition, an algorithm for the elimination of the neutral current in order 
to remedy the problem of unbalance of the polluting load is used. The simulation scenarios are split into two 
main cases: (i) balanced load case, (ii) unbalanced load case. 
 
4.1. Balanced load case 
A. Inductive load (L = 0.07 H, R = 4 Ω) 
Figure 5 depicts the three-phase currents of the network, the load and the filter. The simulation results 
obtained show the compensation of harmonic currents by using the instantaneous power pq method as a method 
of identifying the harmonic currents that must be injected by the filter in order to improve the THD of the 
network current. Note that after switching on the filter at time 𝑡 = 0.1 𝑠, the current becomes almost sinusoidal 
at the PCC. 
 
Figure 5. Three-phase current waveforms for the network, load and the filter (Inductive load). 
The three-phase voltages as well as the DC voltage are shown in Figure 6. The DC bus voltage at the 
input of the 𝑉𝑑𝑐 inverter is well regulated at its reference value 𝑉𝑑𝑐𝑟𝑒𝑓  with the presence of small ripples around 
its reference. The DC bus voltage is maintained perfectly at its reference. 
 
 
Figure 6. Three-phase network voltages and DC voltage waveforms (Inductive load). 
 
Figure 7 depicts the current of phase A with the FFT spectrum before and after the filtering. It can be 
observed that before filtering (Figure 7 a), the THD level is equal to 27.28% for two periods of the network 
between the instants 0.06 s and 0.1 s. The network current 𝐼𝑔𝑎𝑏𝑐  is rich in harmonics of order (6k + 1, k = 
2.3…). After filtering (Figure 7 b), the THD level is equal to 1.19% and the harmonics 5, 7, 11, 13 and 15 are 
all eliminated. It can be concluded that current THD is lower than the IEEE standard, which is set at 5 %. 
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(a) Before filtering 
 
(b) After filtering 
Figure 7. Network phase A current iga before and after filtering and its spectral analysis (Inductive load). 
B. RLC load (R = 20 Ω, L = 0.1 H, C = 500 μF) 
This RLC load is more polluting than the inductive load. Figure 8 represents the waveforms 
respectively of the network, the load and the current injected from the filter. Before the filter is activated, the 
network current is equal to the load current. After the filter is activated at the instant t = 0.1 s, it can be noticed 
that the network current becomes sinusoidal due to the use of the SAF. The current injected by the filter 
compensates for the harmonic currents created by the polluting RLC load. 
 
 
Figure 8. Three-phase current waveforms for the network, load and the filter (RLC load). 
 
Figure 9. Three-phase network voltages and DC voltage waveforms (RLC load). 
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Figure 9 shows the three-phase network voltage responses as well as the DC bus voltage. Note that 
the voltages are balanced with a constant frequency. The voltage across the capacitor perfectly follows its 
reference of 900 V after a short transient regime. 
Figure 10 illustrates the network current with its FFT spectrum before and after connecting the filter 
at the PCC coupling point. Before filtering Figure 10 (a), the source current is highly distored due to harmonics 
with a THD of 29.42%. Figure 10 (b) shows the waveform of the network current and its harmonic spectrum. 
It can be clearly seen that the network current after filtering is almost sinusoidal. It can be noticed that the THD 
is equal to 4.85%, which is less than 5% (the IEEE standard). 
 
 
(a) Before filtering 
 
(b) After filtering 
Figure 10. Network phase A current iga before and after filtering and its spectral analysis  
(RLC load). 
 
4.2 Unbalanced load case 
The single-phase inductive loads are distinguished as follows: (i) for phase A: 𝑅𝑎  =  4𝛺, 𝐿𝑎  =
 0.07𝐻; (ii) for phase B: 𝑅𝑏 = 6𝛺 and 𝐿𝑏 = 0.04 𝐻; (iii) finally phase C: 𝑅𝑐 = 8𝛺  and 𝐿𝑐 = 0.06 𝐻. Figure 
11 shows the waveforms of the three-phase currents of the network, the load, the filter and the neutral for the 
unbalanced inductive loads. It can be observed that the current is unbalanced before the application of the 
neutral current neutralization algorithm. Despite the use of the active filter at the instant t = 0.1 s, the network 
current does not become sinusoidal and this is due to the unbalance between the non-linear loads. This 
unbalance is well visualized in the neutral current, which is not zero. Once the neutralization algorithm is used 




Figure 11. Currents waveforms 
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The three-phase network and DC bus voltages are shown in Figure 12. The network voltages are 
balanced with constant frequency. The DC voltage is equal to 450 V before the filter is used. Once the filter is 
switched on, it can be noticed that the voltage does not follow its reference perfectly (there is an error due to 
the unbalance). By applying the fourth arm of the inverter controlled by the neutral current neutralization 
algorithm, it can be seen that the voltage follows its reference perfectly. 
 
 
Figure 12. Three-phase network voltages and DC voltage waveforms (Unbalanced Inductive load). 
 
Figures 13, 14 and 15 illustrate the spectral analysis respectively for phases A, B and C of the network 
currents. Table 2 shows the different THD values respectively for cases (a) Before filtering, (b) After filtering 
and (c) After using the neutral current neutralization algorithm. 
 







Neural current neutralisation 
A 43.97 48.99 2.43 
B 44.53 38.91 2.52 
C 42.49 38.13 2.43 
 
It can be seen that after using the fourth arm, the inverter corrects the THD for all the network phases 
and the harmonic levels become acceptable according to the IEEE standard. 
The SAF based on a three-level, four-wire inverter has been studied in [22]. Two scenarios (an 
unbalance in the first place is carried out in Phase C of the network with a load 𝐿𝑐 = 1 𝑚𝐻 and Rc = 2.75 Ω 
and then another unbalance is used in Phase C for an inductive load of 𝐿𝑏 = 1 𝑚𝐻 and 𝑅𝑏 = 3 𝛺) are used to 
test the two proposed controls: the first is based on the fuzzy controller associated with self-tuning filters (STF) 
and the second is based on the active & reactive powers method  p-q to compare the impact of these methods 
on the quality of the current. Before filtering, the THD of the current is 22.30 %, after using the p-q theory, the 
THD is reduced to 8.62 % and to 1.89 % with the proposed method. However, the control scheme proposed in 
[22] may increase the complexity of implementing this method in practice. Another study of an active four-
wire shunt filter is proposed in [23]. The author proposes a CPT (Conservative Power Theory) method to 
compensate for non-linear load unbalances. Results by MATLAB / SIMULINK and by the Opal-RT real-time 
simulator were presented. After the use of the non-linear load unbalances, the THD of the current respectively 
for the three phases A, B and C are: 19.75 %, 17.59 % and 15.70 %. Before the filtering for the simulations by 
MATLAB the THD for three phases are: 1.74 %, 1.84 % and 1.74 %, and using the real-time simulator Opal-
RT are: 4.05 %, 4.17 % and 4.05 %. In order to demonstrate the superiority and performance of the proposed 
control strategy in this paper as compared to the advanced control method proposed in [22-23]. The results 
obtained in this article (the THD is approximately 44 % before filtering and 2.5 % after neutralization of the 
neutral current, see Table 2) are very satisfactory and the method used is simple to implement. 
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(a) Before filtering (a) After filtering (c) Neural current 
neutralisation 
 Figure 13. FFT analysis of phase A network current (Unbalanced Inductive load). 
 
 
(a) Before filtering (a) After filtering (c) Neural current 
neutralisation 
Figure 14. FFT analysis of phase B network current (Unbalanced Inductive load). 
 
        (a) Before filtering (b) After filtering  (c) Neural current neutralisation  
 Figure 15. FFT analysis of phase C network current (Unbalanced Inductive load). 
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5. CONCLUSION  
This paper proposed a shunt active filter (SAF) based on a four-arm voltage source inverter topology 
to mitigated harmonic pollution in distribution network due to non-linear loads. The filtering process employs 
an appropriate control method to extract the reference current as well as the voltage regulation of the inverter 
DC bus capacitor. The fourth arm of the inverter is designed to neutralize the neutral current. The simulation 
results obtained shows good dynamics of the four-wire SAF against unbalanced non-linear loads. Finally, as 
perspective, the authors propose to apply the active four-wire shunt filter in a microgrid and attempt to further 
improve the THD using multilevel inverter topologies. Other more robust control techniques such as sliding 
mode of order 2 or intelligent control techniques based on fuzzy logic, neural network or neuro-fuzzy methods 
can also be investigated as future work. 
 
APPENDIX 





The effective voltage 𝑉𝑠 = 220 √2 𝑉 
The frequency 𝑓 = 50𝐻𝑍 
Internal resistance 𝑅𝑠 = 0.1𝑚𝛺 
The internal inductance 𝐿𝑠 = 1𝜇𝐻 
Active parallel power filter 
Storage capacity 𝐶𝑑𝑐  = 2.5𝑚𝐹 
Output filter (coupling inductance) 𝐿𝑓  = 1 𝑚𝐻. 
Reference voltage 𝑉𝑑𝑐_𝑟𝑒𝑓 = 900 𝑉 
Control parameters of the PAF 
DC bus voltage controller 𝑘𝑐 = 100 
PI controller for reference currents 
𝑘𝑝 = 300 
𝑘𝑖 = 35 
Simulation conditions 
Sampling time 𝑇𝑒 = 4𝜇𝑠 
Step type no variable 
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